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Abstract Severe sepsis and multiple organ distress syn-

drome remain a diagnostic and therapeutic challenge for

intensive therapy. Platelet activating factor forms a bridge

between inflammation and clot formation. Our study sur-

veys the effect of severe sepsis on platelet function and

focuses on spontaneous aggregation in severely ill patients.

Daily arterial blood samples were collected from 45

patients (average age of 60.7 ± 13) for five consecutive

days following admission and 30 healthy controls. Platelet

aggregation was measured using adrenaline (ADR), aden-

osine diphosphate (ADP), collagen (COL) and normal

saline (SAL). Clinical status was observed using Multiple

Organ Dysfunction Score (MODS) and Sequential Organ

Failure Assessment (SOFA) score systems. Inducible

aggregation deteriorated in septic patients in all 5 days

with ADR, ADP and COL (P \ 0.05) while SAL aggre-

gation was increased during intensive care. Low platelet

patients showed weak inducible aggregation with ADP

throughout, with ADR on the 2nd, 3rd, 4th and 5th days

and with COL on the 1st, 2nd and 3rd days. SAL aggre-

gation showed no significance. No significant difference

was seen between platelet functions comparing survivors

and non-survivors. In the spontaneous aggregative group,

platelet count was insignificantly higher, while procalci-

tonin levels were lower in 1st, 3rd and 4th days and no

significant difference was observed in lactate levels. We

demonstrated the presence of spontaneous platelet activity

while overall inducible platelet aggregation is significantly

deteriorated in septic patients. There were significant dif-

ferences in inducible aggregation between normal and low

platelet count groups. Inducible platelet function had no

predictive value in the outcome.

Keywords Severe sepsis � Platelets � Platelet function �
Spontaneous aggregation

Introduction

Severe sepsis and septic shock are still a great challenge for

intensive care units (ICU) as they are the leading cause of

ICU admissions with 11.9% [1]. According to recent cohort

multi-central studies the incidence of sepsis accounts for

19.6–59% among patients treated on the ICU accounting

for 40–47% mortality based on clinical results [2, 3]. One

prominent factor in the estimation of outcome in sepsis is

the number of organs affected by the multiple organ dys-

function syndrome [4]. During the development of multiple

organ dysfunction syndrome there is not only a hyperac-

tivation of the innate immune system characterized by the

elevated serum levels of tumor necrosis factor alpha (TNF-

a), interleukin 1b (IL-1b), interleukin 6 (IL-6) and platelet

activating factor (PAF) but also periods of immunosup-

pression along with existing hypodynamic states [5, 6].

During the ‘‘cytokine storm’’ PAF form a bridge between

inflammation and clot formation [7], thus activating

platelets and inducing aggregate formation in the circula-

tory system. The PAF mediated pathway is also responsible

for the elevated production of inflammatory eicosanoids

and suspected to be one of the main mediators of acute lung

injury [7]. The decline of normal endothelial function also

has a procoagulant effect [8]. The alteration of platelet

function and count can be observed in septic patients
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affected by microvascular insufficiency [9, 10]. According

to Lee et al. about 58% of patients may develop throm-

bocytopenia during severe sepsis while recent studies have

not found a connection between the actual platelet count

and function [11, 12]. Platelet functions measured by

aggregation agonists are also altered during critical ill-

nesses. Previous investigations show significantly deterio-

rated inducible aggregability in severe septic patients [12,

13]. The aim of our present prospective study was to

evaluate the platelet function alteration characteristics

among severe septic patients. The early impairment of the

microvascular flow is formerly described in severe septic

patients [14, 15]. Our hypothesis elucidated whether the

microvascular flow deterioration is a result of the increased

inducible platelet aggregability. Furthermore we tried to

asses the connection between reduced platelet count and

platelet function. Our focus was the evaluation of the

spontaneous thrombocyte aggregation in septic patients.

Methods

Patients

Our study was carried out in accordance with the ethical

guidelines of the 2003 Declaration of Helsinki and we

obtained the permission of the Regional Research Ethical

Committee of University of Pécs (2406/2005). Forty-five

patients were included in our study. We had 30 healthy

volunteers in our control group for ophthalmological

ambulatory procedures. All patients provided a written

informed consent following detailed information regarding

the study and blood sampling. In the case of a conscious-

ness disorder we obtained consent from the next of kin as

per national law.

Our inclusion criteria were recently discovered severe

sepsis (within 24 h) with two or more organ dysfunctions.

Sepsis criteria included: fever[38�C, hypothermia\36�C,

tachycardia [90/min, tachypnoe, altered state of con-

sciousness, positive fluid imbalance, hyperglycemia, leu-

kocyte count[12 g/l or\4 g/l, elevated C-reactive protein

(CRP)[10 mg/l, serum procalcitonin (PCT) level[2 ng/ml

[16–18]. Patients in moribund state or with any kind of

hematological baseline disease such as myeloproliferative

disorders like lymphoma or leukaemia were excluded. The

endpoint was either the 5th day of inclusion or the death of

the patient. Supportive therapy was performed according to

the recent sepsis management guidelines [19]: fluid resus-

citation with crystalloids and colloids, early broad spectrum

antibiotic treatment (most commonly carbapenems with or

without aminoglycosides), in case of hemodynamic shock

norepinephrine with or without dobutamine, for control of

glucose levels controlled infusion of actrapid, in oliguria/

anuria furosemide with hemodialysis, stress ulcer prophy-

laxis with pantoprazole or famotidine, thrombosis prophy-

laxis by enoxaparine or fraxiparine, morphine and propofol

were used for analgesia and sedation respectively during

mechanical ventilation at appropriate doses. None of the

patients received drotrecogin alfa and antiplatelet drugs and

17 patients received cortisteroids. We compared our patient

data with healthy volunteers as controls. The data was fur-

ther evaluated between survivors and non-survivors. The

diagnosis and follow up of severe sepsis were scored

according to the Sequential Organ Failure Assessment

(SOFA) [20] and Multiple Organ Dysfunction Score

(MODS) [21].

Blood samples

Daily arterial blood samples were collected once upon

admission and once for the following four consecutive days.

Venous blood samples were collected from healthy controls.

We avoided arterial blood sampling due to possible bleeding

complications. Furthermore, a pilot study showed that

platelet aggregation of venous and arterial origin provided no

statistical significant difference [22]. Routine laboratory

parameters (arterial blood gas, renal and hepatic markers,

full blood count, etc.) and other parameters (CRP, PCT, D-

dimer, lactate, fibrinogen) were measured from the blood

samples. The laboratory tests were carried out by the Institute

of Laboratory Medicine, University of Pécs.

Platelet aggregometry

The measurement of platelet aggregation levels was carried

out using the Carat TX4� aggregometer (Entec-Medical)

based on Born’s optical system. Sodium-citrate anticoagu-

lated blood samples were centrifuged with 600 rpm for

5 min and platelet rich plasma was separated into four vials

(450 ll). The remaining material was centrifuged for 10 min

with 5000 rpm to obtain platelet poor plasma (500 ll).

Aggregation agonists and saline were introduced separately

into the platelet rich plasma samples. We used 50 ll of 0.9%

NaCl solution (SAL) to measure the spontaneous and

the same amount of 10 lM adenosine diphosphate (ADP),

2 lg/ml collagen (COL), 10 lM adrenaline (ADR) (Thera-

cont TA-3 inductor kit, CARAT Diagnostica Ltd., Budapest,

Hungary) to evaluate the inducible aggregation [22]. We

assumed spontaneous platelet aggregation to be higher than

10%. Our opinion suggests that 1–3% aggregation could be

an artefact. If the spontaneous aggregation is higher and

consecutive in the series of measurements in one patient, it

has to be analysed as an objective result. This is why we

chose the 10% value as a reference due to the absence of data

from literature. The inducible platelet aggregation was

chosen [60% as measured by Carat TX4� platelet
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aggregometer. This value was verified in a study which was

performed in our University [23].

Based on the criteria of thrombocytopenia defined by the

Surviving Sepsis Campaign 2008 guidelines (100000/ll)

we divided our patients into a normal platelet count group

and a low platelet count group [19]. The severity of sepsis

and platelet function evaluations were carried out with a

separation based on the number of affected organs.

According to sepsis epidemiology studies we chose three or

more organ failures as separation criteria based on the 50%

mortality during ICU care [1]. High severity (more than

three affected organs) and mild severity (less than three

affected organs) patient groups were formed according to

the admission status. We also measured the change of

aggregability between survivors and non-survivors.

Statistics

Our data is presented with mean ± standard deviation of

the mean. Kruskal–Wallis-test was used with P \ 0.05

considered significant. The number of patients required

was calculated by power analysis according to spontaneous

and non-spontaneous platelet aggregation results from our

previous pilot studies performed on similar population.

Therefore, with type I a = 5% and type II (power) of 90%

we needed 40 patients.

Results

The main demographical data, MODS and SOFA scores

calculated on the first, third and fifth admission day and the

most commonly occurring organ failures of our study

population are discussed in Table 1.

The evaluation of platelet aggregation in septic patients

compared to healthy controls revealed a significant dete-

rioration in the inducible aggregation among septic

patients. The ADP, ADR and COL induced function

measurements resulted in significantly lower levels for all

the five study days (P \ 0.05) while the SAL based

aggregation showed a significant increase in the platelet

function of septic patients (P \ 0.001) (Fig. 1).

On admission 19 patients were in the low platelet count

range and 26 patients were in the normal platelet count

group. The ADP induced platelet aggregation was signifi-

cantly deteriorated in patients with low platelet count in all

5 days (P \ 0.05) while adrenaline caused aggregations

were lower in the 2nd, 3rd, 4th and 5th consecutive day

(P \ 0.05). Collagen induced aggregation was significantly

lower on the 1st, 2nd, 3rd days following admission

(P \ 0.05). There was no difference between the two

groups based on the saline aggregation (Fig. 2). Compared

to our control group most of the aggregations measured in

the normal platelet group were significantly lower than the

control results with the exception of the adrenaline induc-

ible aggregation on the 3rd, 4th, 5th days and ADP induced

aggregation on the 5th day (P \ 0.05). The low platelet

group had significantly deteriorated aggregation levels with

all inductors in all cases (P \ 0.001) compared to controls.

Fourteen patients deceased during our study and 31

patients built up the survival group. Non-survivors showed

no significant deterioration in platelet count. All induced

and saline aggregation measurement results when com-

pared to survivors were not significantly different in non-

survivors (Fig. 3). In the survivor group we found four

Table 1 Demographical,

microbiological and organ

dysfunction data of our patients

Demographical data are

expressed as mean ± SD

Demographical data

Age (patients/controls) 60.7 ± 13/52.3 ± 9.8

Gender (patients/controls; male : female) 29 : 16/19 : 11

MODS (1st, 3rd, 5th days) 7.8 ± 3.3 7.0 ± 3.9 5.9 ± 3.2

SOFA (1st, 3rd, 5th days) 9.0 ± 3.4 8.4 ± 4.1 7.6 ± 3.6

Number of proven infections

Gram positive (G?) 20

Gram negative (G-) 26

Fungal infection 11

Number of bacterial infections only 25

Number of patients with proven infection 36

Organ dysfunctions

Renal failure 38

Arterial hypotension 35

Respiratory insufficiency 32

Altered mental status 27

Hepatic disorder 18

Bone marrow insufficiency 8
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patients with notable aggregation levels ([50%) during the

saline based aggregation tests. The spontaneous aggrega-

tion group (14 patients) revealed a non-significant

difference in platelet counts compared to the non-sponta-

neous aggregation group. The non-spontaneous aggrega-

tion group showed a significantly higher PCT levels on the
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1st, 3rd, 4th consecutive days. Lactate levels were also

lower in the spontaneous aggregative patients during our

study (Fig. 4).

Discussion

Platelet count disorders have been already described in

sepsis however the exact mechanism behind the devel-

opment of thrombocytopenia requires further investigation

[24]. The primary objective of our study was to evaluate

the alterations of inducible aggregation in severely septic

patients and determine its usefulness as a predictor of

mortality. Platelet function tests using flow cytometry

protocol presented the loss of platelet function in patients

developing multiple organ dysfunction syndrome [25, 26].

In patients who received corticosteroids, we did not find

significant variations either in the inducible platelet

aggregation values or spontaneous aggregation values.

Homogenously, all patients received low molecular

weight heparin treatment which could slightly decrease

platelet aggregation values but we analysed the changes

of the inducible aggregation. Due to ethical concerns, the

other recommended and regular treatments (vasopressor

and inotropic agents, infusions for fluid replacement,

insulin, stress ulcer prophylaxis, analgesics, sedatives,

antibiotics etc.) were not investigated in drug free patient

subgroups.

According to Lundhal et al.’s [25] theory more active

platelets are activated and consumed in the early stage of

sepsis therefore platelet activity should decrease during

critical illness. Our data shows a significant deterioration in

ADR, ADP, and COL induced aggregation compared to the

control group but no change was observed during the 5-day

period. Yaguchi et al. showed a loss of platelet aggregative

function in patients with severe sepsis in contrast with

other studies suggesting increased platelet function in

trauma based septic shock patients [13, 27]. In concordance

with Yaguchi’s findings [13], our study found a similar

decrease in aggregation amongst severe septic patients.

Our measurements using Born’s optical method and

saline as ‘‘inducer’’ showed significant aggregate formation

in a group of severely septic patients compared to healthy

controls. According to our current knowledge until now

spontaneous platelet aggregation has never been measured

using our technique with 0.9% saline, without inducers. In

our previous pulmonary embolism studies [9] we did not

verify any spontaneous aggregation values. It is known that

platelets do not form aggregates in healthy individuals. Eto

et al. [28] presented aggregates containing less than 100

platelets in patients with acute coronary syndrome using

the high sensibility laser aggregometry light scattering

method. Also patients with acute myocardial infarction

have shown increased aggregation levels which correlate

with the size of the necrotic tissue [29]. Until now studies

have not reflected the use of saline as an alternative to
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inductors used for the measurement of spontaneous

aggregation in severely septic patients.

Limitations

Due to the relatively small sample size, our investigation

can be elucidated as a pilot study. Unfortunately, similar

studies regarding spontaneous platelet aggregation in sepsis

have not been performed to date to compare our data from

the literature. This is truly a major limitation but at the

same time of prime scientific value concerning our study.

According to the current sepsis guidelines followed in

intensive therapy, we were limited in our approach to

create several separate drug free control groups.

Conclusion

Our hypothesis about the key role of highly inducible

platelet aggregation in the development of microvascular

flow insufficiency could not be confirmed. Our results

proved that platelet aggregation can be altered by the actual

platelet count. Concerning aggregability we found no sig-

nificant difference between survival and non-survival

patients therefore we cannot recommend this test as a

mortality predictor.

Our main finding in this study is the spontaneous

aggregation in septic patients. Spontaneous aggregation

may cause microcirculatory disturbances therefore further

investigations in the field are required.
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